Although two cryptic pipistrelle bat species, Pipistrellus pipistrellus and Pipistrellus pygmaeus, belong among the most common bat species in Europe, it is still unclear whether they can migrate over long distances between summer and winter roosts. Long-distance migratory species may be expected to show low levels of genetic structuring in large areas due to regular mixing of the gene pool by mating that occurs during migration and/or hibernation. Conversely, the dispersal of gametes in sedentary species is spatially restricted, populations are more genetically structured, and isolation by relatively short distance is visible. By analysing diversity of highly variable microsatellites within and among summer colonies of both studied species in central Europe, we found that differentiation between populations is very weak. Both classical FST and Bayesian clustering approach failed to detect genetic structure among colonies and there was no significant isolation-by-distance pattern. The analyses of relatedness, however, revealed that individuals within colonies are more related than random suggesting philopatry of at least one sex. The results were very similar for the two species. The high level of gene flow among central European populations, even on large geographic distances, is discussed in relation with migrations, dispersal, and mating behaviour.
INTRODUCTION
Methods of population genetics have become a very important tool for studying the biology of animal populations, especially of those species that are difficult to follow by direct observations. Bats are one of the groups where the use of genetic markers has led to the description and understanding of the peculiarities of their social life (e.g. mating systems, roosting biology and sex-biased dispersal; McCracken, Lumsden & Kunz, 2006) . Population genetic studies in bats have further revealed that geographic genetic differentiation can be affected by a variety of other factors, such as seasonal migrations, geographical barriers, and past processes (Burland & Worthington-Wilmer, 2001) .
Genetic structure in migratory animals is assumed to be weak across the wide geographical range due to very intense gene flow over long distances and this is especially true in flying species such as birds (Buerkle, 1999; Davis et al., 2006; Hellgren et al., 2008) and bats (McCracken, McCracken & Vawter, the movements between summer and winter roosts; Rachwald, 1992; Russ et al., 2000; Sendor, Kugelschafter & Simon, 2000; Sendor & Simon, 2003) . In species that move long distances (i.e. 'migratory'), an intensive mixing of the gene pool on relatively large areas therefore occurs. Conversely, the gene flow in non-migratory ('sedentary') species is more restricted and populations are genetically more structured (Burland et al., 1999; Rossiter et al., 2000; Rivers, Butlin & Altringham, 2005) . Many examined sedentary bat species show female philopatry and strong substructure is visible on maternally inherited mitochondrial (mt)DNA. This differentiation generally disappears when biparentally inherited markers (such as autosomal microsatellites) are used, owing to male-mediated gene flow (Castella, Ruedi & Excoffier, 2001; Kerth, Mayer & Petit, 2002a) . However, even in those cases, the intensity of gene flow decreases with increasing distance and isolation-by-distance pattern of genetic variation is visible (Burland et al., 1999; Kerth et al., 2002a; Rossiter et al., 2007) .
The common pipistrelle (Pipistrellus pipistrellus s.l.) has been considered a very common and widespread bat species in Europe (Jones, 1999) . On the basis of two phonic types (45 and 55 kHz) and differences in the mtDNA sequences, two distinct species Pipistrellus pipistrellus and Pipistrellus pygmaeus (Ahlén, 1981; Zingg, 1990; Barratt et al., 1995 Barratt et al., , 1997 are now recognized in most of Europe which differ in ecological requirements (Barlow & Jones, 1999; Bartonička & Ř ehák, 2004; Davidson-Watts & Jones 2006; Nicholls & Racey, 2006a, b; Sattler et al., 2007) . It is curious that, although both species belong among the most numerous bat species in Europe, the question of whether they can migrate over long distances between summer and winter roosts remains unanswered. Based on the recapture data of banded bats, P. pipistrellus in the broad sense has been considered as regional migrant (Hutterer et al., 2005) , although some very long-distance records are known in central and eastern Europe (Kepka, 1981; Sachteleben, 1991; Gaisler et al., 2003) . However, it is not clear to which of the two recently recognized species these records belong (Kaň uch et al., 2007b) .
The only study focussed (partially) on movements of species-identified pipistrelles is a very recent genetic study from Great Britain, where Racey et al. (2007) showed that the intensity of the gene flow is negatively correlated with distance and isolation-bydistance pattern occurs in both species. However, the biology of British populations can be affected by their insular position and, even if the evidence exists that pipistrelles can cross sea channels (Ahlén, 1997) , the sea can be important barrier for long distance migrations (Castella et al., 2000) . Moreover, some other important regional differences between island and continental populations of bats were described (e.g. roosting behaviour of Nyctalus leisleri: Ruczyń ski & Bogdanowicz, 2005 versus Shiel & Fairley, 1999  flying behaviour and roost switching of Pipistrellus pygmaeus: Bartonička & Ř ehák, 2004 versus Davidson-Watts, Walls & Jones, 2006 , suggesting that populations originating from various parts of the distribution area can behave differently. Partial migratory behaviour is well known in birds (Buerkle, 1999; Davis et al., 2006) , but also in some bats. The best known example is Tadarida brasiliensis, where one geographical part of populations is migratory and other populations are sedentary (Cockrum, 1969) . Geographical variation in migratory tendency was expected also in European bat species Vespertilio murinus, Nyctalus noctula, and Pipistrellus nathusii (Strelkov, 1969; Rydell & Baagøe, 1994; E. Petit, pers. comm.) but rarely demonstrated by the field data (for a rare exception, see Rodrigues & Palmeirim, 2008) .
The main question in the present study is whether genetic data can provide evidence of some limits in gene flow in continental populations of two cryptic Pipistrellus bat species. We used microsatellite markers to analyse their population genetic structure in the area of central Europe. First, we specifically analysed the distribution of genetic variation within and among summer colonies of the two species. Second, because the ecological and behavioural variations are often the most visible features of morphologically very similar species, we therefore focussed on the comparison of the population genetic structure between two cryptic species, especially whether putative differences in mating and dispersal behaviour are detectable by genetic markers.
MATERIAL AND METHODS

SAMPLES
A total of 274 individuals of P. pipistrellus from 11 nursery colonies (with distances from each other in the range 22-651 km) and 233 individuals of P. pygmaeus from ten nursery colonies (with distances from each other in the range 13-761 km) were analysed (Fig. 1 ). The nursery colonies (here called populations) consisted only of adult females and their young occupying a common roost. If possible, samples (wing punches) were taken from adult females captured at the entrance of the roosts to avoid sampling firstorder relatives. However, at three localities (Boskovštejn, Bratislava, Białowieża), it was not possible to obtain enough adult females and approximately onethird of the samples consisted of young born in these colonies. However, analyses of relatedness (see below) revealed that the proportion of close relatives (i.e. parent-offspring pairs) in these samples was comparable with samples composed only of adult females. All individuals were identified to species by the analysis of ultrasound detectors (recorded and analysed in time-expansion mode) and/or by a simple species identification polymerase chain reaction (PCR) test (Kaň uch et al., 2007b) . Geographical distances among populations ( Fig. 1) were calculated from latitudinal and longitudinal coordinates (obtained from global positioning system data or maps) in GenAlEx, version 6.0 (Peakall & Smouse, 2006) . GENOTYPING DNA was extracted by DNeasy Blood and Tissue Kit (Qiagen) and all individuals were genotyped on 13 microsatellite loci by using Multiplex PCR Kit (Qiagen) according to manufacturer's instructions. We used primers developed for other vespertilionid bat genera (Kaň uch et al., 2007a) as well as primers designed directly for Pipistrellus bats (Racey et al., 2007) . Because some of the loci were not sufficiently amplified in both species or it was complicated to amplify them in multiplex kits, final analyses were restricted to eleven loci EF1, EF4, EF6, Paur05, NN18, NnP217, NnP219 (Kaň uch et al., 2007a) , Ppip01, Ppip02, Ppip04, and Ppip06 (Racey et al., 2007) . Fluorescently-labelled PCR products were separated by capillary electrophoresis on ABI 3130 Genetic Analyser (Applied Biosystems) and electrophoretograms were edited in GeneMapper, version 3.7 (Applied Biosystems). Every individual, which was successfully genotyped at some loci but not on the others in multiplex PCRs, was re-amplified by single PCRs to avoid primer competition (i.e. to confirm the presence of null allele homozygotes).
INTRAPOPULATION GENETIC VARIABILITY
AND RELATEDNESS
Deviations from Hardy-Weinberg equilibrium (HWE) were tested for each locus and population using the Markov chain method in the software GENEPOP, version 3.4 (Raymond & Rousset, 1995) . Corrections for multiple tests were performed using the false discovery rate approach (Benjamini & Hochberg, 1995) and the QVALUE software (Storey, 2002) . Number of alleles (A), observed (H O) and expected (HE; nonbiased estimate according to Nei, 1978) heterozygosities were calculated in GENETIX, version 4.05.2 (Belkhir et al., 2001) . Allelic richness (AR) corrected by the rarefaction method for the sample size (i.e. estimated for a minimum sample size of 12 diploid individuals in both species) were calculated for each population in FSTAT, version 2.9.3.2 (Goudet, 2001) . Null alleles can lead to underestimation of measures of genetic variation within populations and to deviation from HWE. We therefore estimated the proportion of null alleles (NA) at each locus and population in the software FREENA (Chapuis & Estoup, 2007) . The differences in AR between the two pipistrelle species were tested by using two-sided permutation test (1000 permutations) implemented in FSTAT. Estimates of relatedness can be also biased by the presence of null alleles. A new approach has been proposed for estimating pairwise relatedness in the presence of null alleles, which was implemented in the software ML-RELATE (Kalinowski, Wagner & Taper, 2006) , and this method was shown to be better than alternative methods of discarding the loci with null alleles or using uncorrected data (Wagner, Creel & Kalinowski, 2006) . Maximum-likelihood estimates of pairwise relatedness (allowing values in the range 0 to 1) between all individuals of the same species were estimated from the complete data set and the variation of within-and between-colony relatedness was analysed by standard statistical procedures in Statistica 7.0 for Windows (StatSoft, Inc.). Subsequently, the proportion of related individuals (parent-offspring, full-sibs, half-sibs; estimated in ML-RELATE) within and between colonies was compared. Furthermore, to test for the existence of family groups in the populations, the degree of relatedness in terms of rxy (Queller & Goodnight, 1989 ) was estimated in each population using a permutation method implemented in IDENTIX (Belkhir, Castric & Bonhomme, 2002) . The resampling (1000 permutations) was carried out at the genotypic level to estimate whether individuals within a population sample were genetically more related than expected in a randomly mating population. Null hypothesis of no relatedness is rejected with a significance level of 5% if the observed value of the relatedness is above the 95% level of resampled statistics (Belkhir et al., 2002) .
DIFFERENCES BETWEEN POPULATIONS
Interpopulation genetic structure was estimated by two approaches. First, population differentiation for all population pairs and for all loci was tested by the exact G-test (Goudet et al., 1996) implemented in FSTAT, and the overall loci test (not assuming HWE) was performed according to Petit, Balloux & Goudet (2001) in the same program (all tests by 1000 permutations). Second, the genetic differentiation between sampling sites was quantified by calculating estimators of F ST, as described by Weir & Cockerham (1984) . However, there are two possible sources of bias in comparisons of genetic differentiation by using FST approach. First, null alleles are known to overestimate the genetic differentiation between populations. We corrected for this effect, using the so-called ENA method implemented in FREENA software for estimating FST ENA . This method efficiently corrects FST estimates for the positive bias introduced by the presence of null alleles (Chapuis & Estoup, 2007) . Second, it is often difficult to interpret genetic differentiation values because of their dependence on the level of genetic variation at particular loci. We thus used a standardized measure of genetic differentiation, as proposed by Hedrick (2005), bringing values into the same range (0-1) for all levels of genetic variation. The standardized estimator F′ ST ENA was calculated by dividing the estimated value FST ENA by the maximum value FST(max) ENA obtained using RecodeData, version 0.1 (Meirmans, 2006 ; available at: http://www. bentleydrummer.nl/software. Isolation by distance was analysed, for each FST estimator (i.e. FST ENA and F′ST ENA ), by regressing pairwise estimates of FST/ (1 -FST) against ln-distance between sampling sites (Rousset, 1997) . Mantel tests were used to test the correlation between matrices of genetic differentiation and Euclidean distances between sampling sites, by 5000 permutations in GENEPOP.
BAYESIAN CLUSTERING
A Bayesian clustering procedure, implemented in STRUCTURE, version 2.2 (Pritchard, Stephens & Donnelly, 2000) was used to infer the number of distinct genetic populations represented in the sample and the assignments of individuals to these genetic clusters. The current version of the programme allows also the analysis of loci with null alleles (Falush, Stephens & Pritchard, 2007 ). The Bayesian model assumes K (unknown) populations that have different allele frequencies at a set of independent loci. The programme was run with five independent simulations for each of K from 1 to 11, each one of 1 000 000 iterations, following a burn-in period of 100 000 iterations. In all simulations, admixture ancestry model and independent allele frequency models (with l = 1) were used in the first steps. If the population structure is subtle, the model of correlated allele frequencies is often more effective to detect this structuring (Falush et al., 2003) . In the next step, we therefore analysed the data by using the correlated allele frequencies model. The likelihood of K [i.e. Ln P r(X|K)], was used to infer the number of real populations in the datasets.
RESULTS
DETECTION OF NULL ALLELES AND
INTRAPOPULATION GENETIC VARIATION
We successfully genotyped 274 P. pipistrellus (20-45 individuals per population) and 233 P. pygmaeus (12-30) on 11 microsatellite loci. All loci were highly variable with both high number of alleles (11-38 in P. pipistrellus and 11-28 in P. pygmaeus) and high expected heterozygosity (0.75-0.90 in P. pipistrellus and 0.78-0.89 in P. pygmaeus) (Table 1) . Lower observed than expected heterozygosities and consistent deviations from HWE on some loci were probably caused by the presence of null alleles, whose mean frequencies in populations were estimated up to 14.4% in P. pipistrellus (locus Paur05) and up to 24.6% in P. pygmaeus (locus Ppip04) (Table 1) . We therefore carefully analysed the data taking into account the presence of null alleles at some loci.
Intrapopulation genetic variation was higher in P. pipistrellus than in P. pygmaeus. Allelic richness estimated by the rarefaction method for the smallest sample size (N = 12 diploid individuals) was 8. 07-8.91 in the former and 7.20-8.32 in the latter species (Table 2) and this difference was significant (twosided permutation test in FSTAT, P < 0.001). This result is not likely to be influenced by null alleles because simulations showed that estimates of AR are little affected by mean null allele frequencies below 0.15 (Brouat et al., 2007) . This was the case of our data where mean null allele frequency overall loci and populations was 0.036 for P. pipistrellus and 0.081 for P. pygmaeus.
RELATEDNESS WITHIN AND BETWEEN COLONIES
Mean intra-colony relatedness (±SD) varied in P. pipistrellus between 0.044 ± 0.070 (population SNM) and 0.095 ± 0.102 (population STO), whereas, for two randomly chosen individuals from different colonies, the mean relatedness was 0.040 ± 0.063. In P. pygmaeus, intra-colony relatedness ranged from 0.046 ± 0.068 (population VRA) to 0.069 ± 0.089 (population STR), whereas mean inter-colony relatedness was 0.047 ± 0.071. In both species, intra-colony relatedness was significantly higher than inter-colony relatedness (Mann-Whitney U test; P. pipistrellus, Z = 19.8, P < 0.001; P. pygmaeus, Z = 4.6, P < 0.001). Higher proportion of relatives within colonies than between them is visible also from the relationship analysis. The most frequent relationship within colonies were half-sibs (8. 70-30.83% in P. pipistrellus; 8.70-30.33% in P. pygmaeus), whereas parent-offspring and fullsibs pairs were observed only exceptionally (Table 2) . Even though the percentage of related individuals within samples from the same colonies is very variable, a higher frequency of related individuals occurs inside any population sample than between two samples, with one exception in P. pipistrellus and two in P. pygmaeus ( Table 2 ). The permutation tests in IDENTIX, however, indicated the presence of family groups only in two P. pipistrellus populations (RUS, HOY) ( Table 2) .
POPULATION DIFFERENTIATION
Very weak differentiation between populations was observed (Table 3) . No G-test (from 605 possible 'locus-population pair' tests) was significant after Bonferroni correction in P. pipistrellus, and only nine from 495 possible tests were significant in P. pygmaeus (eight significant tests were on loci with increased frequency of null alleles). Pairwise F ST ENA estimates were very low in both species. In P. pipistrellus, the mean ± SD pairwise FST ENA = 0.005 ± 0.004 (maximum FST ENA = 0.015) and, in P. pygmaeus, the mean pairwise FST ENA = 0.006 ± 0.005 (maximum FST ENA = 0.017). However, the populations are not totally panmictic as demonstrated by the global G-tests of population differentiation (P < 0.001 in both species) and global FST ENA whose 95% confidence inter- vals (CI) are still higher than zero (P. pipistrellus, FST ENA = 0.0051, 95% CI = 0.0031-0.0074; P. pygmaeus, FST ENA = 0.0053, 95% CI = 0.0030-0.0085).
No genetic structure was found by simulations in the programme STRUCTURE. The highest Ln Pr(X|K) was observed for K = 1 and decreased significantly with increasing number of putative populations in both species. This result was consistent for both correlated and independent allele frequencies models. Furthermore, the values of a greatly varied during the course of the runs and the proportions of the samples assigned to each population were approximately symmetric in the runs for K > 1. This is another evidence of the absence of population genetic structure in the data.
SPATIAL GENETIC STRUCTURE
No significant isolation-by-distance pattern was found for any species. Although the highest pairwise FST ENA estimates were usually obtained between the most distant populations in both species (Fig. 2) , Mantel tests did not confirm correlation between geographic and genetic distances (P. pipistrellus, one-tailed test of isolation-by-distance, P = 0.160; P. pygmaeus, P = 0.251). Very similar results were obtained when using genetic distances corrected for variable level of genetic variation [i.e. F′ ST ENA /(1 -F′ST ENA ); P. pipistrellus, P = 0.144; P. pygmaeus, P = 0.202].
DISCUSSION
DIFFERENCES BETWEEN 'ISLAND' AND 'MAINLAND' POPULATIONS
In the first detailed population genetic study of two cryptic pipistrelle bats in continental Europe, we found unexpectedly low level of genetic differentiation among nursery colonies in distances of up to almost 800 km from each other, therefore suggesting very intense gene flow between them. A recent population genetic study by Racey et al. (2007) described Relatedness within populations and between them was calculated on the basis of pairwise maximum likelihood estimates of relatedness in the program ML-RELATE. AR (mean of all loci) was calculated for the smallest sample size (N = 12 diploid individuals). In the column IDENTIX, the results of permutation tests in IDENTIX are presented. *Populations where the null hypothesis of no relatedness was rejected at P < 0.05. For population abbreviations, see Table 2. GENETIC STRUCTURE OF CRYPTIC PIPISTRELLES 109 microsatellite variation of the same species mainly in Great Britain. Even if we used similarly variable markers in the present study (some of them were identical in both studies) and the geographical scale was approximately the same, the nursery colonies in Great Britain were much more differentiated each other based on the F ST approach. The mean pairwise FST was 0.029 for P. pipistrellus and 0.023 for P. pygmaeus (Racey et al., 2007) , making the genetic structure of both species comparable with sedentary bats such as Plecotus auritus (Burland et al., 1999) or Myotis bechsteinii (Kerth et al., 2002a) . Furthermore the isolation-by-distance was significant, suggesting spatially limited gene flow in British pipistrelles. In the present study, the mean pairwise F ST was 0.005 for P. pipistrellus and 0.006 for P. pygmaeus and no significant signs of isolation-by-distance were observed, which is similar to the migratory N. noctula (overall FST = 0.006, no isolation-by-distance; Petit & Mayer, 1999) . The idea of regionally different intensity of gene flow between reproductive colonies is supported by the maximum recorded movement distance (Great Britain = 69 km, Avery, 1991; continental Europe = 1123 km, Benda et al., 2003) and some differences in timing of mating (i.e. formation of mating groups in late summer before presumable migrations in Great Britain; Park, Altringham & Jones, 1996) versus mating during or after the seasonal movements in central Europe (Sachteleben & von Helversen, 2006) . Differences between populations of pipistrelles from the edge of their distribution area (e.g. Great Britain) and from the middle part of their distribution (e.g. central Europe) were also found in roost switching, colony size, and habitat use (Feyerabend & Simon, 2000; Bartonička & Ř ehák, 2004; Davidson-Watts et al., 2006; Nicholls & Racey, 2006a, b; Sattler et al., 2007) . Geographical variation in behaviour is also known in other bat species; for example Nyctalus leisleri in continental Europe roosts exclusively in tree-hollows (Ruczyń ski & Bogdanowicz, 2005) , whereas, in Ireland, nursery colonies occupy roof attics (Shiel & Fairley, 1999) .
MOVEMENTS FROM NURSERY COLONIES TO
HIBERNATING SITES AND MATING BEHAVIOUR
Very weak genetic differentiation of reproductive colonies in central Europe could be explained by (1) long-distance movements between the places of reproduction and hibernation connected with mating (e.g. N. noctula; Petit & Mayer, 1999; Petit et al., 2001) and/or by (2) long-distance dispersal of at least one sex (e.g. Myotis myotis; Castella et al., 2001) . Both hypotheses provide clear predictions, but banding data failed to provide sufficient information for their testing.
The first hypothesis predicts that at least a part of the population spend winter period in hibernacula far from the nursery colonies. Unfortunately, accessible data from direct observations are only fragmentary. Based on summer records, both species are very common in central Europe (Gaisler et al., 2002) ; however, during winter, there are only few localities where hibernating pipistrelles have been found (Anděra & Hanák, 2007) . Moreover, winter roosts of P. pygmaeus are almost unknown (P. Kaň uch, A. Fornů sková, T. Bartonička, J. Bryja, Z. Ř ehák, unpubl. data) . It can be a result of hibernation in crevices of buildings or in trees, but it is also possible that the pipistrelles leave the nursing and foraging areas after reproduction (as observed in at least P. pygmaeus; Bartonička & Ř ehák, 2004) and migrate long distances to hibernacula. Large hibernating aggrega- tions of tens of thousands individuals are known from few European localities (e.g. in Germany, Czech Republic, Slovakia and Romania: Dumitru, 1995; Kretzschmar & Heinz, 1995; Sendor et al., 2000; Matis, Uhrin & Pjenčák, 2002; Nagy & Szanto, 2003; Anděra & Hanák, 2007) thus supporting the idea of winter concentration of large number of individuals coming from far away.
Direct data about long-distance movements are very rare and material reviewed from banding recoveries of P. pipistrellus in the broad sense did not provide an unambiguous view on species behaviour. Bat-ringing studies (mainly in Germany) have shown that pipistrelles in central Europe live in stationary populations that do not migrate (10-20 km; Hutterer et al., 2005) and are often centred around large winter roosts (von Helversen et al., 1987) . However, several much longer movements of hundreds of kilometres were recorded in P. pipistrellus s.l. (Kepka, 1981; Sachteleben, 1991; Gaisler et al., 2003) , including the longest known movement of 1123 km from Ukraine to Bulgaria (Benda et al., 2003) . Circumstantial evidence of migratory behaviour is provided from homing experiments (e.g. bats successfully returned from distances up to 295 km; Roer, 1989) , wing aspect ratio (based on wing morphology, P. pipistrellus s.l. was clearly classified to long-migratory species; Norberg & Rayner, 1987) , and phylogeny (best known European migratory species are Pipistrellus nathusii, and representatives of phylogenetically close genus Nyctalus; Hutterer et al., 2005) .
Instead of migration, the mating during the movements or at hibernation sites is necessary prerequisite of long-distance gene flow. The mating system of P. pygmaeus was described as resource defence polygyny (Gerell & Lundberg, 1985; Lundberg & Gerell, 1986) . By contrast, males of P. pipistrellus after the reproductive period occupy courtship territories along regular flight routes (Sachteleben & von Helversen, 2006) and the mating system can be characterized as a lek (Höglund & Alatalo, 1995) rather than a polygyny. Nevertheless, these studies probably do not cover the real complexity of mating behaviour of pipistrelles. First, the territorial activity and songflight calls of males of P. pygmaeus in central Europe were registered near the nursery colonies even before weaning the young (Bartonička & Ř ehák, 2004) . These observations and the disappearance of large proportion of the population from nursery regions after weaning of young (Bartonička & Ř ehák, 2004) could suggest that mating occurs at nursery sites as well as during/after the movements to hibernacula. Second, the only study of mating behaviour of P. pipistrellus (Sachteleben & von Helversen, 2006) concerns the urban population of this species. They are known from many European towns (Gaisler et al., 1998) and their behaviour includes very typical traits such as autumn invasions (Smit-Viergutz & Simon, 2000) and hibernation near the nursery colonies in the same town (Sendor et al., 2000; Sachteleben & von Helversen, 2006) . However, there are still numerous populations of P. pipistrellus living outside the big towns. Whether these individuals migrate and where do they mate and hibernate is still unknown but the autumn swarming at the entrances of the mass hibernacula in mines, buildings or natural caves (Kretzschmar & Heinz, 1995; Sendor et al., 2000) could indicate that mating between individuals coming from far away can take place there (Furmankiewicz & Altringham, 2007) .
'NO MIGRATION, BUT DISPERSAL' HYPOTHESIS
The second hypothesis that could explain the absence of genetic structuring on nuclear markers predicts that there is no regular seasonal long-distance migration (associated with mating) but that the gene flow is caused by the dispersal of at least one sex far from the birth site. In many species of temperate bats, the nursery colonies are composed of philopatric females, whereas young males abandon the birth place and mate with females from more distant colonies (e.g. M. bechsteinii: Kerth, Safi & König, 2002b; Kerth & Petit, 2005; M. myotis: Castella et al., 2001; N. noctula: Petit & Mayer, 1999) . In the present study, we found that nursery colonies are not random associations of females and that the relatedness between individuals within a colony is higher than the between-colony relatedness, therefore suggesting the idea of typical social system of temperate bats.
At least two approaches could be used in future studies to analyse the sex-biased dispersal and to distinguish it from regular seasonal migrations. First, direct observations using bat bands can provide definite information about movements (either dispersal and/or migrations). However, for the pipistrelle bats, the level of banding return is very low (e.g. 7978 individuals banded so far in the Czech and Slovak Republics in 1948-2000, of which only 2.7% were recaptured; Gaisler et al., 2003) . The second approach includes the use of genetic markers with sex-specific inheritance. This approach has been already successfully used in many bat species (see references above); however, to our knowledge, no study comparing sex-specific markers (mtDNA, Y-chromosome markers) with the autosomal ones exists for the pipistrelle bats. Furthermore, if the females are philopatric, the comparison of mtDNA of individuals from mass hibernacula and nursery colonies could provide the answer to the question where these individuals came from.
